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In recent years, the importance of the endocrine disrupting chemicals (EDCs) and 
its effects on fish has been well documented. A wide range of environmental contaminants 
can interfere with hormonal regulation in both vertebrates and invertebrates. These EDCs 
are of high relevance for human and wildlife health. There is growing evidence that 
contaminants may be partly responsible for the observed increase in disease in marine 
organisms by adversely affecting their immunity. Fishes are common sentinels used in 
vertebrate immunotoxicology, however, to date, studies have been undertaken only on a 
single size group of fish and for acute exposure and  little is known about whether 
estrogenic compounds 17 β estradiol (E2) cause oxidative stress in hepatic tissue of fish. 
In this study, Lateolabrax japonicus fingerlings and juveniles were exposed to two 
sublethal concentrations (200 ng L-1 and 2000 ng L-1) of 17β estradiol for 30 days under 
laboratory conditions, and alterations in immune parameters comprising differential 
leukocyte count, respiratory burst, myeloperoxidase, immunoglobulin levels, serum 
lysozyme and bactericidal activity were investigated to establish whether estrogen 
produced immunomodulation, and to understand the effects of long-term exposure on these 
immune parameters in fish fingerlings and juveniles. The results revealed a significant 
elevation of respiratory burst activity, myeloperoxidase, immunoglobulin levels and 
differential leukocyte counts of the fish exposed to estrogen when compared to the control. 
The rest of the parameters were significantly reduced in the experimental groups when 
compared to the control. The results indicated that sub-lethal E2 exposure induced 
immunomodulation in both fingerlings and juveniles of L. japonicus and the changes 














The study also reported that E2 modulated the serotonin, 5-hydroxytryptamine (5-
HT), stress hormone (cortisol) and the biotransformation enzyme (7- ethoxyresorufin O-
deethylase [EROD] activity). The modulation in 5-HT level in brain and spleen, plasma 
cortisol level, gill and hepatic EROD activity were investigated in fingerlings and juveniles 
of  L. japonicus. Results showed that E2 modulated both the monoaminergic system and 
the biotransformation enzymes studied and, interestingly, there appeared to be some level 
of recovery from the toxic effects of E2 after 30 d of exposure. 
 
In addition this work also tested the hypothesis that E2 may cause oxidative stress 
in liver of L. japonicus, and then leading fluctuation of the parameters associated with 
antioxidant defense. To test this hypothesis, effects on ROS production, DNA damage in 
fish have been investigated in the study. L. japonicus fingerlings and juveniles were 
exposed to two sublethal concentrations of E2 for 30 d which established evidence for 
lasting oxidative stress caused by E2 exposure as SOD, CAT and GPx activities were 
significantly altered with symptomatic pro-oxidant associations among them. Correlation 
between elevated ROS, DNA damage and LPO in hepatic tissue of E2 exposed fish has 
been elucidated. These results suggest that the enhancement LPO and DNA damage 
associated with E2 may be due to a modulation of the redox environment that promotes 
ROS-mediated damage. The antioxidant enzyme may play an important role in E2 
metabolism and consequently reduce ROS production. The present study provides strong 
evidence that level of ROS increased significantly in E2 exposed fish, and ROS may serve 
as a potential biomarker to indicate estrogen contamination. 
















In recent years, the presences of endocrine disrupting compounds in the 
environment has become a major issue of concern from the perspectives of both human 
health and ecosystem integrity and have a very high population density and support 
intensive industrial and agricultural activity. This potentially increases the discharge of 
estrogens and xeno-estrogens into the environment (Belfroid et al., 1999 and Health 
Council of The Netherlands, 1999). There has been increasing public concern about 
potential adverse effects on human health and ecological safety of various environmental 
contaminants designated by some as endocrine disrupting chemicals (EDCs). The primary, 
natural steroidal hormones in the environment include estradiol, estrone,  testosterone, and 
progesterone. The concern about these hormones is their ability to alter the sexual behavior 
and endocrine systems of animals and aquatic species (Larsson et al., 2000; Oshima et al., 
2003; Teles et al., 2004). The two most studied hormones are 17 β estradiol and 
testosterone, which are classified as endocrine disrupting compounds. Most of these 
hormones are produced and released into the environment by humans. Previous 
measurements of human estrogen excretion estimated that females were excreting 2.3–259 
μg/person/day and males 1.6 μg/person/day of E2 through urine (Johnson et al., 2000). The 
other important sources of E2 are livestock waste (Ying et al., 2002) and agriculture runoff 
(Céspedes et al., 2004). For example, in poultry waste a concentration ranging from 14 to 
533 ng/g dry wastes for E2 was reported by Shore et al. (1995). 
Aquatic ecosystems act as a receptacle for the great majority of anthropogenic 
chemicals to which aquatic organisms are subsequently exposed. Fish living in polluted 














filtered through their gills or by ingestion of contaminated prey. Fish can be used as an 
indicator of the chemical contamination of the ecosystem where they live through the 
chemical analysis of bioaccumulated micro pollutants in their tissues. A complementary 
approach is to measure the response of fish immune related parameters to chemical 
pollution. The immunity in fish, which are especially important animal group from the 
perspective of immunity and ecotoxicology, can serve as a warning of potential impact on 
human and ecosystem health (Bols et al., 2001; Khangarot et al., 1999). 
During the last decade, interest has increased regarding the use of biomarkers in the 
field of aquatic ecotoxicology. The utility of immunological biomarker approach is based 
on the fact that sublethal toxicant levels cause immune responses within individual 
organisms before those effects are observed at higher levels of biological organization. 
Immunological biomarkers of exposure, effect or susceptibility are complementary and  
important to understand the overall health  impact of toxicants. Xenobiotic contaminants 
present in the coastal waters influence the increase of disease incidence by adversely 
affecting immunity, thereby enhancing susceptibility to infection and stress. 
Fish immune responses are sensitive to environmental contamination and these may 
be used as a biological indicator of aquatic environmental health (Rice et al., 1996; 
Fournier et al., 1998; Duffy and Zelikoff, 2005). In fish, as in other vertebrates, the 
endocrine and immune systems are interrelated and changes in endocrinology of fish may 
be reflected in changes in the functioning of the immune system functions. The presence of 
endocrine-disrupting chemicals in the form of estrogens or estrogen-mimicking compounds 
in sewage effluents has been well documented in recent years. It appears clear from a 














effects of chemicals of environmental concern (Bols et al., 2001; Khangarot et al., 1999; 
Zelikoff et al., 2000). It is now well known that natural estrogens such as 17 β estradiol not 
only affect the reproductive system but also markedly influence the immune system. 
Recently, some of EDCs have also been shown to influence the immune system. Evaluating 
the effect of EDCs on immune system has become an emerging research field (Committee 
on Hormonally Active Agents in the Environment, 1999; Ahmed, 2000). 
Historically, the field on environmental toxicology has been concentrated on 
observing the effects of xenobitoics upon organisms near the median lethal concentrations 
LC50 (Cairns, 1992). In recent years the effects of sublethal concentrations of toxic 
substances have been recognized to be of biological importance (MaccCubbin et al., 1990; 
Niimi, 1990: Stein et al; 1992; Zelikoff et al; 1993). The exposure of fish to sublethal  
levels of xenobiotics may be immunosuppressive (Iwama,  1977; Knittel, 1981: 
Sindermann, 1993), as well as decrease growth and reproduction, decrease swimming 
performance and decrease ability to appropriately respond to additional stressors (Kennedy 
et al., 1995).This trend towards evaluating lower concentrations has driven  the suite of 
toxicological assessment endpoints away from death and sub-lethal indicators. These 
include impairment of physiology, reproduction, and performance, which have more subtle 
measures but would ultimately represent impaired fitness (Adams et al., 1989; Hinton, 
1989; Anderson, 1990). 
Endocrine-disrupting chemicals are of high environmental relevance not only for 
their role in fish production, but also growth, digestion and food utilization, gut transport, 
shifts in body composition, intermediary metabolism, osmoregulation and immunity 














great importance. The presence of EDCs in the form of estrogens or estrogen-mimicking 
compounds in sewage effluents is well documented in recent years (Folmar et al., 1996; 
2001). As in other vertebrates, the fish endocrine and immune systems are interrelated, and 
changes in endocrine functions may be reflected in functional immune defense.  Fish are 
susceptible to endocrine disruption by estrogens and xenoestrogens (Sumpter and Jobling, 
1995) and  estrogens inhibit various aspects of the immune response in fish, including 
phagocytosis (Watanuki et al., 2002), antibody production (Hou et al., 1999a), reduction in 
circulating lymphocytes and granulocytes [19] and  immune-related gene transcription 
(Filby et al., 2007). 17 β estradiol suppressed the immunoglobulin M (IgM)-producing cell 
in a dose dependent manner (Williams et al.,2007) and E2 treatment suppressed the 
production of  IgM and also decreased disease resistance in fish  (Hou et al., 1999a,b).  
 
Previous research on the effects on immunomodulation in fish due to estrogen has 
not always been consistent between studies. These discrepancies in the immunomodulatory 
effects of estrogen on fish demand further evaluation in order to understand the 
neuroendocrine immune system crosstalk in teleosts.  The effects of E2 exposure on 
different aspects of the immune function in fish are well documented (Ahmed, 2000; 
Gushiken et al., 2002; Burkhardt-Holm et al., 2008). The available literature on the 
alteration of immunity in fish due to E2 show that earlier studies were focused on one or 
more specific immune parameters such as respiratory burst, total immunoglobulin and 
myeloperoxidase activity (Mortensen and Arukwe, 2007). Most of these studies suggest a 
certain degree of immune system impairment. Moreover, the information available 














immune parameters (differential leukocyte count and respiratory burst activity). No work 
involved a long term study of the alteration of immune parameters in fish due to E2 in 
comparison to different fish size groups. Hence, in the present study was designed to study 
the impact of estrogenic compound on sublethal concentration and the  immunomodulation 
due to E2 was considered as one of the main objective to study the effect of estrogen on 
Japanese sea bass. 
In addition to the immunomodulation, a second objective was to evaluate the 
toxicological effects of E2 by studying the alterations of biogenic amine and cortisol 
analysis and biotransformation enzymes. Biomarkers are biochemical, physiological, or 
histopathological indicators of exposure to and/or effects from anthropogenic substances 
which occur at exposure concentrations less than those causing ‘gross’ adverse 
toxicological effects. Indicators such as those that measure genetic, metabolic, 
histopathologic, physiologic, and immunologic processes that manifest before more routine 
markers of chemical stress and toxicity become evident, may signal the beginning of 
eventual population declines (Zelikoff et al., 2000).  
 
It has been reported that environmental pollutants such EDCs act as neurotoxicants 
(Tilson and Kodavanti, 1998; Bemis and Seegal, 1999) and potentially could impair the 
function of neurotransmitter systems and which influence pituitary hormonal secretion. In 
addition, environmental pollutants also have been shown to alter the levels of biogenic 
amines in discrete brain regions of fish (Khan and Thomas, 1997, 2001; Khan et al., 2001). 
The monoaminergic system function which links behaviour and physiology that creates the 














groups. The effect of both organic and inorganic pollutants on brain monoamines has 
received some attention in recent years (Aldegunde et al., 1999; Khan and Thomas, 2000; 
Weber et al., 1991; De Boeck et al., 1995; Tsai et al., 1995; Khan and Thomas, 2000; 
Sloman et al.,2005) but there is no study on the effect of E2 on brain and spleen 
monoamines. The elevation of plasma cortisol levels is part of a generalized stress response 
frequently associated with the subsequent elevation of glucose and lactate levels in plasma 
(Mommsen et al., 1999). The physiological processes such as energy metabolism, 
reproduction, growth or immune function regulated by cortisol have been reported (Hontela, 
2005; Tintos et al., 2006b, 2007). Earlier reports suggest that xenobiotics components like 
PAHs and other organic contaminants disrupt the normal cortisol production (Teles et al., 
2003; Tintos et al., 2007). Considering those entire roles by cortisol mentioned above its 
important to investigate the modulation of cortisol after exposure to xenobiotics. 
 
It is well documented that CYP1A induction is commonly measured as 7-
ethoxyresorufin-Odeethylase (EROD) activity, which is used as a biomarker of exposure to 
AhR ligands in aquatic environments (Goksoyr and Forlin, 1992; Whyte et al., 2000). 
Earlier studies have shown that 17 β estradiol affects hepatic CYP1A activity in fish 
(Navas and Segner, 2001; Elskus, 2004; Vaccaro et al., 2005) and this phase I system also 
responds to steroids in a very selective manner in fish (Arukwe et al., 1997). As a 
component of this system, the isozyme CYP1A or, in particular, its associated catalytic 
activity, 7-ethoxyresorufin O-deethylase (EROD) responds to estrogens (Arukwe et al., 
1997; Solé et al., 2000; Teles et al., 2004). The CYP1A induction measured either by 














recent years (Bucheli and Font, 1995, Teles et al., 2005). For that, induction of CYP1A 
dependent EROD activity in gill and liver, the conjugating enzyme glutathione S-
transferase (GST), the antioxidant enzymes (SOD,CAT, GPX ) and LPO were evaluated.  
Hence, the present study were aimed to investigate the fish-estrogen interactions and 
responses of biotransformation and antioxidant enzymes in Japanese sea bass  L. japonicus. 
 
 
2.1 Objective of the study  
My research examined the effect of sub-lethal exposure to 17 β estradiol  on 
selected suite of immunological indicators. The rationale was to determine if estradiol 
exposure results in detectable changes in markers of immune function in fingerling and 
juvenile sea bass. We hypothesize that exposure to E2 could alter the hormonal and 
metabolic stress responses in different size groups of sea bass and that changes in brain 
monoaminergic systems could be involved in this interaction. Therefore, we have assessed 
in this study the effect of E2 on different size groups of sea bass induced by acute or 
prolonged stress stimuli, evaluating in the fish plasma levels of cortisol (fingerling and 
juvenile group) and the monoamine content in whole brain and spleen of fingerling and 
juvenile groups.  The present study also investigate the fish-estrogen interactions and 
responses of biotransformation and antioxidant enzymes in Japanese sea bass  L. japonicus  
was adopted as a bioindicator, since it represents a keystone species with economic and 
ecological importance in the South East Asia. Two different concentration (200 and 2000 
















3.0 Materials and Methods 
Acclimatizaton of fish 
Japanese sea bass of different sizes were obtained from Zhang Pu Fish Culture 
Farm in Fujian Province, China and were acclimatized in laboratory conditions with a 
temperature of 24±1°C, salinity 30±1 ppt and pH 7.8 ±0.1. The fish were acclimatized in a 
1000 L capacity PVC tank for 10 d before being used for the experiments, and the fish 
were divided into two groups based on size: fingerling and juvenile. Fish with a length of 
7±1 cm were considered as fish fingerlings and fish with a length of about 12±2 cm were 
considered as juveniles. Glass aquaria (90" X 60" X 60") were used in the experiments. The 
fish were fed with fresh prawns at the rate of 3% of their body weight, and the water (and 
test solutions) was replaced daily. 
Chemicals 
Estrogen (17β estradiol, purity, 99%), Ethnyl estradiol, Micrococcus lysodeikticus, 
nitro blue tetrazolium122 (NBT), 3,3',5,5'-tetra methyl benzidine, hen egg white lysozyme 
(HEWL), trypsin and azocasein, dicumarol, Resorufin, 7-ethoxyresorufin, 1-chloro-2,4-
dinitrobenzene (CDNB), reduced glutathione (GSH),  5,5'-dithiobis( 2-nitrobenzoic acid) 
(DTNB), Malondialdehyde, Pyrogallol,  Thiobarbituric acid were obtained from Sigma 
(Sigma Chemicals, St. Louis, MO, USA) and all other chemicals used  were of analytical 
grade. Cortisol kit and E2 analysis kit were purchased from Nanjing Jiancheng 
Bioengineering Institute (Jiancheng, China). 
Experimental design and stock solution 
After acclimation, toxicity tests were performed following the standard guidelines 














solution were prepared by dissolving both 17β  estradiol and Ethnyl estradiol were in 
ethanol to get 1mg ml-1 and stored in refrigerator at 4oC. Working solution of concentration 
of 200 and 2000ng/l of 17β  estradio l were prepared by diluting with ethanol. 
Grouping of fishes 
To assess changes in the biomarkers, both fingerling and juvenile fish were divided 
into four groups of 12 specimens each. Group I was reared in normal seawater, group II 
with a solvent control (95% ethanol), groups III and IV were exposed to seawater 
containing 200 and 2000 ng L-1 of estrogen, respectively, and the test solution was replaced 
daily in order to provide a constant effect. Parallel triplicate tanks with identical 
experimental set up were used and, after 5, 15, and 30 d of exposure, three fish from each 
group were sacrificed to assess their immune and enzymatic parameters. 
 
Collection of blood sample  
Blood samples were collected individually from the caudal vein of fish after the 5th, 
15th, and 30th d of exposure with a 24 gauge needle and a 2 ml syringe. Three fish in 
duplicate fingerlings or juveniles as one group were used at each exposure time. Blood 
samples were divided into two aliquots, one was heparinized (50 international units (IU) 
ml-1 of blood), and the other allowed to clot at room temperature for 30 min and then kept 
at 4°C for 24 h. The clotted sample was centrifuged at 4500 g for 5 min at 4°C to collect 
the serum, which was stored immediately at -80°C until use. The heparinized blood was 
immediately divided into two aliquots, one of which was used for NBT assay and 
differential leukocyte counting, and the other was immediately centrifuged at 300 g for 5 















Sampling of tissues 
The fish was weighed and thereafter killed by decapitation. The brain, gills, liver, 
spleen, kidney, Head kidney and muscles was rapidly removed. These samples were 
wrapped in aluminum foil, frozen in liquid  nitrogen (within 2 min after decapitation), and 
kept at  -80°C.  
3.1 Immunological Assays 
Serum protein, albumin and globulin contents 
Introduction 
The method uses a dye, Coomassie brilliant blue G-250,  which has a negative 
charge and binds with positive charges on the protein. The dye exists in a red form (A
max 
= 
465 nm) and a blue form (A
max 
= 595 nm). The red form is the predominant form in 
solution, and when its negative charge binds to the positive charges on the protein, it is 
converted into the blue form. Because many proteins have nearly identical response curves, 
the method can be applied widely using a single set of standards. Furthermore, it is much 
less susceptible to interfering substances. The reaction is highly reproducible and rapid and 
is essentially complete after 2 minutes with color stability over 1 hour. Serum protein was 
determined using the method of Bradford (1976). The albumin was determined using a 
diagnostic kit supplied by Nanging Jiancheng Bioengineering Institute following the 
method of Weichselbaum (1946). 
Materials and supplies 
Bradford solution (Sigma)  96- well plate 
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